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SECTICN

INTRODUCTINN

1.1 OBJECTIVES
The objectives of this proreo:

mediate-, and late-time detonationr pbfieno

and 11 (MBI and 11) Serice usinme ctoto o,

and to analyse and corpare the vy

the series and other prior oot Lot

aqurations. The MISERS BL P E b0 S

tions having different char o Lo

the ground. T.e. . hedogt-0 - o o RERR I To bt o Co
obtained on 16 ittt oo TR R N L LN AT R B SRR I PR A I

trom f-il"al“\i\'}h[ to 3NN ooy [IENR

The phatometric vesults and the Jdetonation diagnostics tro
the MBI and 11 Series have alreadsy heen presented previously in the
Procecedings of the MISERS BLUFF Svoposiun.  (Ref. 1)

In addition, the complete photoaraphic documentation of MISERS
,

BLUFF ) and 11 Series is presented in AFWL-TR-79-142 report whose table
of contents and lTist of illustrations are presented in the Appendix
Scection of this report.  (Ref. 2). For the readers edification the
Appendix Section also contains a plan view of the MISERS BLUFF 11 cloud
catera layout, Figqure 1A, which conforms to Fiqure 16 in this report.
No on-site wind directions were obtained during these events.

1.2 BACKGROUND

The Denver Resecarch Institute (DRI) participated in the Pro

FrwChmioa t agb EM\K-NOL‘ Fliwkhyo 7




DICE THROW | and It (PDT | and !l) Series which were the charge devel-
opment portion of the effort and the forerunner of the 628-ton AN/FO
detonation of the DICE THROW (DT) Events (Refs. 3, 4 and 5). Prior to
these series, DRI took part in the events of DISTANT PLAIN, MINE SHAFT
and MIDDLE GUST Series and the PRAIRIE FLAT, MIXED COMPANY and Pre-MINE
THROW 1V Events from which similar photographic records were obtained.
These large events afforded the opportunity to assimilate information
at expanded spatial and times scales of 10 {1/2 ton, 454 kilogram (kq}],
34 [20 ton (18,144 kg)], 58 [100 ton (90,718 kg)] and 100 [500 ton
(453,592 kq)] times the scale from a 1-pound detonation.

The MB | phase was a cratering series of eight events that were
conducted to provide the initial input for the development of a multi=-
ple ground motion and shock environment predictive model. The instan-
taneous enerqy sources for these cvents were center initiated spherical
charges composed of cast trinitrotoluene (TNT), mainly weiahing 1000~
pounds. The total explosive weight per event ranged from 256 to 24,000
pounds (116 to 10,900 ka) (Ref. 6).

The MB 1 phase was a cratering series of two events, second
of which utilized a charge confiquration which was based upon the re-
sults obtained frow the multiple detonations of MB | (Ref. 7). The in-
stantaneous enerqy sources for these events were seven-paint initiated,
her ispherical~ended cylinders (HEC) constructed of individual bags of
AN/ED weiahing 50 pounds (22.6 kg) each (Ref. 1). The total explosive

weight per event ranged from 117 to 707 tons (106,000 to 641,000 kq).




Table 1 presents a list of charge parameters relating to the MB | and
1} Series. The weights are given in kilograms.
Figures 1, 2 and 3 show charge construction and configurations

for certain events in MB t and I1.

-
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SECTION |}
PROCEDURE
2.1 EXPERIMENTAL SETUP

The MISERS BLUFF test series was comprised of two phases.
Phase | was conducted at the White Sands Missile Range (WSMR), New
Mexico and consisted of a cratering series of ecight cvents. Three out
of the eight events (4, 6 and 8) were multiple detonations made up of
hexaqonal arrays (Events &4 and 6) and a 24 unit array constructed of
seven hexagonal sections (Event 8). The charges were in either tan-
gent, half- or full-buried confiqurations. The aecoloay for Phase |
consisted of a lTevel arca that had a 7- to 8-foot (ft), 2.12- to 2.44-
meter{m) deep water table, with little or no caliche present.  Based
upon extensive auacr drilling, a test bed of the required -ize was
selected on the Queen 15 site of the WSMR facility (Ref. g).

Phase 11 was conducted at Planet Ranch in Arizona and consisted
obf two events.  The first cvent was a single 117-ton (106.000 kg) AN/FO
detonation: whorcas, the sccond event was made up of 3 hoxagonal array
ol 707 tons (641,000 kq) of AN/FO. The tost bed was in a relatively
dry river basin whose geology consiats mainly of deposited sand and
aravel with o water table, al the time of the experiments, denerally
helaqw the predicted crater depth (Ref. 9). Fiagures 4 and 5 present
plan views of the nultiple arrays and relative positions of the close-
in caneras in MB L oand 1 Series.

2.7 INSTRUMENTATION AND FIFLD OPFRATION
The basic technical photographic coveraae of the detoanation

phenoriena fror the MESERS BLUFE Phasen 1 oand ) were made trom ground

o
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O MAIN CAMERA STATION

FIGURE 5. PLAN VIEW OF THE MISERS BLUFF O SITE LAYOUT




level and aerial stations. The ground level stations varied in number
and position frow event to event depending upon whether the detonations
were singular or multiple. The altitude of the aerial station, which
recorded only the multiple bursts in MB | phase and both of the bursts
in MB t1 phase, changed with the variations in the strength of the
detonations.

2.2.1 Instrumentation and Field Operation for MB {

The technical photography for the events of MB | was furnished
by DRI, WSMR and the Williamson Aircraft Company (WAC). DRI provided
the technical supervision for the photographic effort in addition to
supplying high-speed cameras {26,000 frames per second (fr/s)}], photo-
electric {(photometric) devices and electronic recording equipment.

WSMR provided high-speed photography from ground stations at
framing rates up to 5000 fr/s to record fireball development and inter-
action, surface surge, shockwave propogation, and cloud development and
rise. The aerial coverage of the multiple detonations before, during
and after the events was performed by WAC using high-speed, stereo® and
still cameras.

Most of the ground-level cameras for the singular and multiple
bursts for MB | were located at one main camera station situated approx
imately south of surface qround zero (SGZ) at distances which ranged
from about 500 ft (152m) to 1400 ft (427m). The cloud development and
rise for all the events were photographed from two remote ground sta-

tions located at about 6,000 ft (1829m) to 9,000 ft (2743m) from SGZ at

“Camera, film and support supplied by U.S. Geological Survey,

Flagstaff, Arizona, courtesy D.J. Roddy.

17




an angle of about 70 deqrees (70°) from each other. The multiple events
were photographically and photometrically covered by DRI from three
ground stations for MISERS BLUFF |, Events 4 and 6 (MB 1-4 and MB 1-6)
and from five other locations for MISERS BLUFF |, Event 8 (MB 1-8).
Tables 2 through 9 present a list of ground surface cameras used during
the MB | Events. Table 10 ltists aerial cameras employed during the
multiple events of MB I,

In the listings presented in Tables 2 through 9, the remote
stationed 70mm Photosonic 10R cameras, used to document the cloud, were
actually located closer to the north and west than as indicated to the
northwest and southwest of SGZ, respectively. Station position names of
northwest and southwest will be used throughout this report in order not
to confuse already published information on these camera coverages.

The lens values in these tables are given in millimeters (mm)
and their apertures in f-stop numbers. The nominal framing rates are
prescnted in frames per second (fr/s). The Hycan and Nova framing rates
ranaed from about 4500 to 5500 fr/s. Their exposure times in seconds
(2) were cqual to [(1/2.5)x(fr/s)]s. The Photosonic 10A framing rate
wan 20 fr/s with an exposure of (1/3600)s, i.c., 2 dearee (2°) shutter.
The Photosonic 10R framing rate was 6 fr/s with an exposure of (1/1080)
Y. iLe., 20 shutter. The qround station DB Milliken cameras were oper-
ated at 400 or 300 fr/s with shutter settings of 36° which gave expo-
wre times of (1/3600)s and {1/3000)s, respeciively. The Dynafax
Caveran qave exposures of less than 1 microsecond (i:s) at 26,000 fr/s.

The aerial DB Milliken cameras were operated with different

Sutter o oneninags depending on the cameras framing rates and the films

18
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that were used.  The Fastax camera exposure was equal to {(1/2.5) x
(fr/sV)s. ALY cameras recorded on 16mm formats except for the Photo-
sonic camneras which recorded on 70mm formats,

The films utilized by the cameras listed in these tables were
2241, Ektachrome EF (EF): 1E 449, thtachrome (R (IR): 7256, Ektachrome
MS (MS)Y: 2476, Linagaraph Shellburst (SB) and 2445, Aerocolor Negative

(Acrol . The Nikon carmera employed Ektachrame 64 (EK 64) film.

2.2.2 Instrumentation and Field Operation Fros MB |

The technical photography for the two events of MB 1} was fur-
ni~hed by DRI, WAC, and USGS. DRI provided the ground level coverage
while WAC and USGS provided aerial coverage. Besides the technical

photography . DR <cepplicd test-bed photography of mititary hardware and
structures for both events.  These cameras were situated in the 100 to
2 pounds poer square inch (psi), 683 to 13.7 kilopascals (kPa) pressure
redion.  Tabtes 11, 12 and 13 present a ist of cameras emploved during
the MB HL events.,

Csizes and aperature settings and cameras!

Most ol the Jenses
framing rates and exposure times tisted in Tables 11, 12 and 13 are
strilar to those presented in the previous tables tor the MB H Events.
The only differences are in the tvpe of cameras utilized during the MB
1 Eventa.  The Fastax carera fracing rate ranacd trom 4500 to 5500
with an exposure tice of [ (1/72.5) x (fr/s) ). The Hulcher cameras had
700 formats and were operated at oan exposure time of {(1/2880)4 . The
Loca utilized o 36 <hutter cottings as did all the DB Millikens oper-

ating at 400 fe/o.  The DR Millibens operating at 2650 fr/a emploved an

183 Shutter wetting,
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TABLE 12. Camera Coverage for MB11-2, 8/30/78
Distance from Main Camera Station 3359 Ft (1024M)

Station Camera Lens Aperture Framing Rate Film View
Main Hycam 25 8.0 5000 IR SGZ
Main Fastax 100 3.5 5000 EF  Chgs 5(6)-250" LT
Main Fistax 100 3.5 5000 EF 250'-500" LY
Ma'n Fastax 100 3.5 5000 EF 500'-750' LT
Main Fastax 100 3.5 5000 EF  750'-1000' LT
Main Locam 10 5.6 ton £F SGZ-Cloud
Main 08 Milliken 16 5.6 4po EF SGZ-Cloud
Main Hulcher 150 4.5 20 Aero  SGZ
Main Hulcher 240 5.6 20 SB Chgs 5(6)-500"' LT
Main Hulcher 240 5.6 20 S8 500 -100n" LT
Main Hulcher 240 5.6 20 SB Chgs 3(2)-500' RT
Main Hulcher 240 5.6 20 SB 500'-10n0" RT
M-2! Fastax 25 2.3 5000 EF  SGZ-Chgs 3 & 4
M-2" Fastax 35 2.0 5000 £F SGZ-Chgs 3 & &
M- DB Milliken 17.5 4.0 L0o EF SGZ-Chgs 3 & &
AR Hulcher 150 5.6 20 SB Chas  L{3)-RT

BB ' Hulcher 75 5.6 20 SB  SGZ-Chus 2 & &
cce Hulcher 160 5.6 20 SB Chys 6(1)-LT

AA Dynafax 150 32.0 26000 SB Chgs 3 5 4

88 Dynafax’ 100 32.0 26000 SB Chgs 2 & &
cc Dynatax’ 100 32.n 26000 SB Chgs Y 5 &

AA DB Milliken 12.5 4.0 250 FF SGZ-Chg. 2 £ &

8B DB Milliken 17.5 5.6 Loo EF SGZ-Chgs 2 & &

cc DB Milliken 50 L.o 250 EF Mountain hehind Chg &
D-1" Fastax Streak 1250 1.0 -1 2488 Chgs b £ 1

D-2" Fastax Streak” 1250 11.0 --e ?La8  Chas 4 & &

p-3" Fastax Streak 1250 1.0 SR 7498 Chas 2 € 3

St DB Milliken 25 4.0 250 EF SGZ-Cloud

5t DB Milliken'' 100 4.0 250 EF Mountain above Chqg 1
5 - Hulcher 150 5.6 0.5 SB Cloud
N Hulcher 160 5.6 0.5 SB Cloud
Agm. Hulcher 150 5.6 n.t SB Cloud

100 Pai DB Milliken'” 12.5 4.n 260 EF Eiecta-Pad

50 P DB Milliken'' 12.5 4.0 250 EF  Eiecta-Target

20 Py DB Milliken 12.5 4.0 250 EF Eiecta~Target

10 Psi DB Milliken 12.5 4.0 250 (23 fiecta-Target

G P DB Milliken 50 4.0 250 EF Eircta-Overall

M-2 - 27200 Ft (60 M) from SGZ on a line hal fway between Charaes 3 and L
AA - 1702 Fro (519 M) from SGZ

'HB - thbh Ft (508 M) from SGZ

CC - 1R77 Fr (511 M) from SGZ

“Lost shutter problems - no data

"{oet movement off SGZ - no data

D-1 - 2394 Fr 0730 M) from SG2

T0-0 and 0-3 - 2373 Fro (723 MY from SGZ

Late Teigger - wlow speed - lTost data
i Lean Fro 01372 MY trom SGZ
(amera rammed - Tont data
N - A ueed TR,.NO Fr T6LRR MY from 5G7
Abe - 15 636 Fr o LTHRT MY
Cameca e aged - ono data
G farmadet - ono data
LA e
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SECTION 111
RESULTS AND DISCUSSION

The data presented in this report are based on information ob-
tained from photographic and some photometric records. The output para-
meters associated with the MB | and Il Series are presented in the
following paragraphs in a sequence which was indicative of the detona-
tion process, i.c., from initiation to cloud development and rise in-
dependent of the charge diagnostics data already presented in the

previously mentioned report (Ref. 1).

3.1 PHOTOMETRIC CHARACTERIZATION OF THE MB 11-2, CHARGE §
COMPOSITION

Since the presentation of the detonation diagrostics from
MISERS BLUFF 1 and It Series, there has been some recent data generated
bascd on the AN/FO composition which may have had o Jirect effect upon
the blastwave output characteristics. The fundamental reason for
analyzina the AN/FQO compositions was that there vere apparent nroblems
associated with the MB I AN/FO detonations (Ref. 1), shich can be
vholly or partially attributed to the charae corposition when compared
to the detonation charadteristics fro= PRDT 11=-2 and 0T, Photometric
recordinags of the color terperature froe Charce 5 of 98 1 (-2 Event
was about 25 dowe. The overall ceak Tioht outont o 1l Six charaes
was only 12 of the averade of PDT 11-2 4 DT beents (Refol bFoand 4,

An cffort was cade to deter dre the relationshi of charae
composition, f.e., the relative aroria sitrate (AN prill qurface

arca and fuel oil (FO) percenta e, to ite tirehald color terporatu, ¢

and photosetric characteristic e in Y Ao the charge mater=
i']'(w used i” th!‘ "HS[R‘, HL“VF [N f.c-HI . St "H‘)[RS RLUFF | Sw'r'i(“v
32
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consisted of spherical TNT detonations no analysis were made on the
charges other than their initiation times which were covered in the
diagnostics report. (Ref. 1).

Two of the most outsianding physical differences between the
AN/FO Events of DICE THROW and MISERS BLUFF were in the average FO per-
centage and the percentage of AN particle-size distribution. The MB Il
AN particle-size distribution was skewed toward the fine particles
{(Refs. 10 and 11). An increase in fine particles will increase the total
particle-surface areas for a fixed weight of explosive. Since an opti-
mum FO coating is required, nominally 6 percent, No. 2 diesel fuel, an
increase in AN surface areas is expected to cause an increase in the
total requirement of fuel oil in order to maintain an optimum surface
coating. in reality, the MB 1l charges not only were high in fine AN
particles but low in FO.

If the AN/FO composition is considered to be similar to that in
a concrete mix, where the fineness ¢of the aggregates is controlled with-
in limits for a specific strength of concrete desired so that cach par-
ticle is coated with the cohesive material (cement and water) in a spec-
ified amount, a fineness modulus (FM) can be incorporated in a similar
manner to an AN/FO mixture.

in concrete mixtures (Ref. 12), a measure of acceptable surface
areas of the agaregate (sand, gravel and stone) is made by using a fine-
ness modulus (FM) number which is based on sieve size numbers (sce Table
T4 from Ref. 12). As example, the sand FM of 3.70 was obtained by add-
ing the retained percentage (V) of a sieve to the succeeding sieves and

dividing by 100, i.c., No. 4, 20 percent; No. 8, 15 percent:; No. 16, 20

33
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3
percent; No. 30, 15 percent: Noo 50, 20 percent: and Noo 100, 10 per-

-

1 cent.  Inoan acceptable concrete rixture, the percentaae retained by

the sieve can vary to a degree whereby the FM ovalues fall within o ¢or-
tain ranae.  The variation in the above oxarple can be rade in the re-
[Jinpd goercent aae fb(ll' the Jitterent wicve ‘vi"\"w wherebhy lh\‘ FM of 57‘3
could e the sare. As oan exasple, of 4, 25 nercent; Noo 8, 10 ner-
cents Noo 16, 15 percent: Noo 30, 25 nercent: Noo 50, 10 percent s No.

100, 15 nercent also give an M of 3.70. I the oarticles deoretry iw

considoered to ve in g pherical or cubical fore, in this oxarple, the
total surtface arca. of the teo particle-Size mixtares would e the o

For the above teso and a "](

TABLE 14, Tupioal Sieve Analveio of Sand (Red. 1)

Fineneo Ranege
Aoreaat Yoo 0L 30 i6 ol 4 Modulu Sie
Sand IR /N L 35 20 3.70 N-3/87
10 Jn 15 20 1y e -
Sand T RIS 6o 40 &N n 3.1 -4
14 20 24 20 20 0 -
Sandt S 7 6N 30 o o 2,60 -3
20 14 30 30 0 N -

B o the g u o ction the totagl soresentod area of the AN T o

i

Ol cortrinoator to FY ercentaae inoan ddeal o mixture, Tt i proposed

Coor Bt e i g coeci ied ieve numhers in the anatbu i
o e e Variation. asay fros the ideal - ixtare {hased an
R [ SR T SR e cernec bty By an et fect on ek e -
o s s e e et tior v docity, tiretall ocolor ternerature
o e e e b e berd e e, e AN/ detonatr ion parat e ter




Basced on Messrsa. Swisdak and Peckham's analysis of the average
AN particle-size distributions for POT 11-2. 0T and MB I}, tabulations
wore made of the FM and presented area factor (AF) for the AN particies

sithin the charges which are presented in Tables 15 and 16, respecti-

\JL‘]V.
TABLE 16, fM Tabulations for AN Particles from
PDT 11-2, DT and MB 11-2 Charge 5
! o Event Sieve Size FM
| -
: | Pan 35 20 16 14 12 10 6
R §
i PDT -0 100 90 98 g4 88 72 6 0 5.57
| ! | ! 4 6 16 66 6 0 --
. i
0T P 100 99 938 95 87 62 25 0 5.66
|
‘ i n 3 8 25 37 25 0 --
e .
B (-0 100 96 a2 72 56 32 11 0 4.62
chal Ho
l |
! ! / 20 16 24 21 11 0 --
[ ]

TABLE 6. AF Tabulalions for PDT 11-2, DT, and MB 11-2, Charqge 5
z'”‘-_:zvunl ‘ Sieve Size AF
| |
1 35 20 16 14 12 10
! S
f PRT 11-2 35 30 af 224 797 60 | 1.24
j i 4 6 16 66 6 -
I-. — . . _ —

i | 34 £0 128 350 k20 250 1.29
| | |
lﬁu‘, : i i 3 ) 37 26 1 --

‘ :

; MEOLE-2 o Dh Tty 256 336 252 1o | 1.60

| |

? o 162k 21 B --
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Notice the amount of surface area contribution by the high
number sieve (small openings) for the MB 11-2, chg. 5, as compared to
the PDT 11-2 and DT AN/FO charqes.

The presented area factor (AF) based on assumed spherical or
cubical qeometries and on percontaae retained {excluding pan) is, as it
should be, very nearly inversely proportional to the FM. The AF num-
bers were obtained by adding the numbers derived by multiplying the
sieve number by the retained purcentade and dividing by 100.  Table 17
presents the AN and AF ratio: numbers based on Messrs,  Swisdak and
Peckham's AN/FO data.

TABLE 17. AN and AF Ratios for POT {1-2, DT and MB 11-2, Charge §

Event FM FM Ratio’ AF AF Ratio”
PDT (1-2 5.57 1.21 1.24 1.29
DT 5.66 1.23 1.29 1.24
MB 1(~2, chqg. 5 4. 62 1.00 1.60 1.00
L

'FM Ratios:  (PDT 11-2)/(MB 11-2, cha. 5} and (OT)/(MB (-7, Chg. 5)
"AF Ratios: (MB 11-2, chg. §)/(PDT 11-2) and (MR 11-2, ¢ha. 5)/(pT

Note that comparison of MB 1{-2_ cha, 4% to PDT 14-2 and DT in-

dicate a 24 to 29 percent (27 average) increa-c in e anded area for
the MB 11-2, chg. 5. Note how close the FM grd AF ratiose. oo nare in
value.

Based on Messrs. Swisdok and Peckhar | the avera e 50 valtues for

»
the above eovents are as follows:
POT 11-2 6.0+ 0L
DT 6.1 + N
MB 11-2, chg. § 5.3 + 1.2
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If a consideration of 0.7 percent FO reduction for MB 11-2,
chg. 5 based on an ideal amount of 6 percent [(0.7/6)100 = 11.77)]
coupled with an average increase of 27 percent in AN area, (over the
average) indicated for PDT 11-2 and DT, would present a major AN sur-
face coating problem. This condition could have been accentuated
further in certain regions of the AN/FO charge for MB 11-2, chq. if

the deviation of -1.2 percent was considered [(0.7 + 1.2)}(100°)/6 =

31.7 ] coupled with the 27 percent increase in AN arca which could have

produced very little or no FO coating of the AN prills in the =ajor
portions of the MB 11-2, charge 5.

Photographic and photometric results obtained by DRI, Ref. 1.
indicate that the averaqe fireball surface color temperature of MB 11-2,
chg. § was only 5570°K whereas the DT charge gave an averaqe fireball
surface color temperature of 7030°K. If the emissivity of the two
charages were considered to be the same, then, by the Stefan-Boltzman
law where the peak intensity output of the source varies as the fourth
power of their temperatures, their ratio would give a value of 2.54
ahich is only 39 percent of the DT peak intensity. Actually, the MB
11-2, cha. § produced a higher intensity than the average of all <ix
charqges in MB 11-2 whose total peak output was onlv 12 percent of the
expected value based on DT and PDT 11-2 <scaled value-~ {(Ref. 1),

Recently DRI developed a procedure of phase relating two photo-
cotric sianals obtained tfrom a number of evints. One is based on
broadhand unit Tiaght radiation {(ULR) <ignal and the other on narrowband

ULR ~iqgnal. The wensors for the two ULR devices were of the same




material, except t

capable of sensing

in the red region

charges using phas

in Figqure 6. The utilization of ULR <iunals rermoves the et foct of the
device distances and the effect of georetric expansion of the charaes,
oL, spherical versus cylindrical.
The ajor difterences in the pattere- - ir e nrinta' far hoth
ANJFO detonations can be attributed to toe e E Pnthe Conos
Ssition of AN prill particle-~ize Jdiatrinutione AR e N ages. T
Jditerence in the 8-nound Pentolite (60 percent PUTH ard 50 percent
TNTH apd 100-tor TRT patterns can he attribated 1o the hottor ox,en
Plance in Pentolite It 0 Fnoen that TNT has  ach oo o ter-tarn
argcteristics than Pentolite. Thia ctteot could contri gt RS
Paer rise an the red-sand and Joncer contrizut for o e o iy T
dtrer=rarn characteriatic can be the cau o o0t arn nad o iy int
Porothe TNT and MEB T1=2, charae 500 Note s . oL EREER R
Mave 1o lar sioanatures.,
3.7 COMPARITSON OF ANJFED CNMPOS TN Fxe 0 e b T ‘
Further cor o i tion o analu s aete o e AN T
IR P BT cesen thaoag bk Sinaerprintd Tt e ot s b T
Proe tne g e o s ake cornariaons to A IR TS N AL
N ot tioit goleo b Tl by ANGED Char e oy e . i Aot
e Vo vater b Tenc [ toorhe EXovaTuer ard f 0 e cen e
e i the ot et ' oo o it e ' T | Lot Yo

it

radiation

hat one received all the color wAas

and the other received only narrow-band radiation

(peak at 725 nm) . The results froo four different

¢ orelationships {(lissajous patterns) are presented
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there was some tendency to show that CE may also have been effected

charue- .

by the values of FO and FM. The charge average fuel o0il and crater
volumes (ft3\ values for the MB I1-1 and -2 Events are presented in
Table 18.
TABLE 18. Charge Fuel 0il and Crater Volume for MB It
Fuel 0il Crater Volume)
| Event (percentage) (ft3)
MB I 1-1 ! 6.7 + 1.3 54,400
MB 1 1-2-1 5.6 + 1.1 74,800
MB 11-2-2 4.3 +1.3 73.000
MB 11-2-3 6.0+ 1.7 45,000
MB 11-2-4 5.4 +0.7 37,700
lMB I1-2-5 5.3+ 1.2 66,400 !
i |
LﬂB 1i-2-6 6.0 + 1.2 i 80.500 {
“Preliviinary data from Benson, et al, MISERS BLUFF,
Phase 11, MISERS BLUFF Symposium, March 27-29, 1979,
The FM values for the seven AN/FO charqges in MB 11-1 and 2
Events are presented in Table 19, Note that all the charqges had FM
values which were uch less than the values for PDT H1-2 and DT AN/FO




TABLE 19. FM Tabulation For MB 11-1 and -2 Charqges

Charge Sieve Size FM
MB_ 11 Pan 35 20 16 1h 12 10 6 |
] 100 9¢ 91 77 55 25 6 0 .52
) 2 7 14 22 30 19 6 0 -
|

2-1 100 99 91 80 67 4 15 0 b.a2
A - 1 8 i1 13 26 26 15 o | --]
2-2 100 99 90 72 56 33 " 0 | 4.61
' ] 9 18 16 23 22 11 0 -~
2-3 100 a8 90 72 57 36 13 0 L.66
L 2 7 18 15 21 23 13 0 --
2-4 100 99 91 75 59 34 12 0 b.70
’ [ 3 16 16 25 22 12 0 --
—
2-5 100 99 q2 72 56 32 1 0 | k.62
‘ | / 20 16 2l 2 11 0 -- |
2-6 100 99 al 85 70 b7 20 0 5.14
| | 1 3 a 152327 20 0 -~

Comparisons were made to the CF tor the MB 11 charges by
Assigning position numbers Yor CE, FM, FO and the boosters!' «<imultan-
fety o of dnitiation (1Y s whereby, the value ot one (1) was assianed to
the Targest values of CEoand FM, to the closest value of FO 1o 6 per-
cont owith the Towest percent deviation and to the best simualtanicty
ot hooater Jetonations (1) and then in decreasing order to a value of
oven 10 taee Table 20 tor the assianed values tor the difterent
ara eteray. The Tower the assigned number i

w, better 1« the value

b the apecitbic parareter .,

4




TABLE 20. Assigned Position Numbers to Different
Parameters From The MB-t11 Events

}_‘Cha rqe CE ! FM FO
] 5 2 7 6
2-1 2 4 2 3
2-2 3 5 5 /1
2-3 6 3 3 2
2-4 ] 6 4 L
2-5 b 7 6 5

| 2-6 | | 1 |

The closest indication that all the paramcters were as good as
possible was tor charqge 2-6. Since the assigned numbers were not
wetghted Por the ettects of cach parameter on CE, the other CE values
may have been offected by g change in geology as well as 1, FM and FO.
There weve indications trom on site gqeology that the further the
charqes were trom the positions of charges 1 and 6, the more qeological

Tavering there wan,

Pn‘lPWH;;ﬂ;(Lxhl tros Benwon, K, et al, MISERS BLUFF, Phase H,
MISERS BLUFF Svoposiur, March 27-24,

3.3 SUREACE=SURGE SHOCKWAVE SEPARATION DATA
The gqeneration obf 0 sroath and 1)’)]’V\[“l]\,"\‘/\‘\“[\(li[\l] Shaock Pront
in al)l direction, ooy tro SO along the air-surtace inteeiace i+ one

ot the vont oportant teatare. ol i exodosive LHEY detonat ton,




The PDT and DT AN/FO Events indicated that the shockwave from the HEC
charges separated much sooner than an equivalent TNT spherical charge
placed tangent to the surface.

The results from MB 11-1 and MB I1-2, chg. 5 indicated slightly

longer separation times and distances than did the DT Event. See

Table 21,
TABLE 21. Times and Distances Where The Main
Shockwave Separated From The Surface-Surge
Fireball Expansion
Event Time Distance
(ms) {m) (ft)
MB 11-1 22.2 56.1 184
MB 11-2, chq. § 28.7 68.2 224
pT! 20. 4 53.3 175
“Scaled-down average of six readings
3.4 SURFACE-SURGE FIREBALL ANOMALIES

Surface-surge anomalies were photoqgraphed during the MB 11-1,

fron both aerial and surface cameras. Figure 7 shows two anomalies

froo MB 11-1 as photographed with an acrial camera. The multiple deto-
nations of MB 11-2 did not secem to produce obvious anomalies on the
outer perimeter of the array as can be seen in the photographic sequence
recorded above the event shown in Fiqure 8. Since fireball anomalies
are generally photographed rather late in the fireball expansion phase,
anosalies may have existed in between the charqges for the MB 11-2

Event but were interacted before they could be formed out<ide their

ain fireball expansions.  As g result only the anomalies from MB 11-])

Event are oreaented e the report.,

b3
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Table 22 indicates that there were four major anomalies from
MB 1I-1 and that their initial expansions were near those observed
from the DT Event.

TABLE 22. Times, Directions and Distances where the
Shockwave Passed the Surface-Surge sanomalies

Event Time Dircction Distance Height
(ms) (degrees) (1) (fu) (m)  (f1)
MB 11-1 120! 123 133 435 12.2 39.9
MB t1-1 98’ 289 120 393 7.7 25.2
MB I1-1 100 226 102 336 - -
MB I1-1 150 351" 126 Li2 - -
DT~ 107 329 138 453 5.9 19.2
DT 102 344 135 Ly 6.2 20.4
DT - 208 () (41 . -

“Ground Tevel Fastax Careras ( 4800 fr/<): time and
spatial resolution qgood.

“Overhead Hulcher Camera ( 20 fr/s): off-axis view, anqular
resolution good, spatial resolution good, time resolution poor.
Scaled-down data to MB 11-1.

“"Went out of view of camera.

3.5 DYNAMIC EJECTA

The MB I Events generally produced rnore dynamic cjecta which
travelled beyond the firehall surface~surae region than did MB 11
Events.  The main reason for the difforence was due to the crater re-
lated qeologies between the two test sites.  The Queen 15 test site had
“uch more cohesive woil with a water table near the test surface:
Sherea

v, the MeCoroack Ranch wite bad deposited sand and qgravel with

little cohevivenca, and Tos water table.




As expected the half-buried detonations of MB { Series produced
much more dynamic ejecta than the surface tangent detonations. Sece
Figqures 9 and 10. Figure 11 presents a sequence from MB {1 Series.
Note that there were no obvious ejecta throwout beyond the fireball
debris.

3.6 CLOUD DATA

Cloud measurements were made on a number of the photographic
sequences from MB | and Il Events. The data are based on measurcments
made from only one camera aspect and with a fixed scale {preshot,
referenced in SGZ), i.e., no adjustments were made for photographic
scale changes during tracking.

3.6.1 Cloud Height and Diameter Data from MB | Events

The cloud height versus time plots from the single and multiple
cvents of MB I are presented in Figures 12 and 13 respectively: whereas,
the diarcter versus time plots from the single and multiple events of
MB | are presented in Fiqures 14 and 15 respectively. These data were
obtained from the photographic records made at the southwest camera
wtation since this station did obtain records with the least change in
scale due to the cloud drift. See Figure 16. Table 23 presents the
distances from the two 70mm recording cameras during MB 1 series.

In general, the plots indicate that the full- and half-buried
Jinale charages produce clouds that rose faster and higher than the
clouds produced by the same weight of charge placed tangent to an equi-

valent wurface.  Sce Figqures 17 and 18,  There appears to be, for some

47
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FIGURE 17 CLOUD SEQUENCE FROM MBI-3, SOUTHWEST CAMERA
@ 5.93 FR/S, HALF BURIED.
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FIGURE 17 (CONTINUED)
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FIGURE 18 CLOUD SEQUENCE FROM MBI -2, SOUTHWEST CAMERA
& 519 FR/S, SURFACE TANGENT ABQVE
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FIGURE 18 ( CONTINUED)
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unexplainable reason, a difference in cloud heiaght and rise between
MB 1-1 and -3, which were supposcedly equivalent experiments.,

MB 1-7 cloud, which was produced by a 256-pound TNT sphere, rose,
an expected. slower and Tower than the clouds produced by larger charges
i the ware posttion relative to the same surface geology.

The cloud dianceter versus time trom single detonations appear to
Cary in inverse to their heights, i.e., greater in diameter lower the
Bed chl o gtoany specitic tivie. {(Ret. 13). In other words, surface tan-
qent (ahove! detonations produce areater diameter clouds after a short
period of tite than equivalent charges that are partially buried. Under
thi- condition, it is surprising that MB 1-1 also produced a smaller
Jiateter cloud than MB 1-3 cven though it had a lower height of rise
than the eqguivalent MB 1-3.

The nwltiple events appear to have produced clouds that rose
contrary to their <ingle charge counterparts which had the celative
Sare position of the charge with respect to the surface gqeoloav, i.e.,
halt-huried or tangent above. The surtace-tangent, hexaaonal arrav of
MB I-h produced a cloud that vose faster and hiaher than the hart-
buried, hexagonal array of MB 1=6. Part of this offect —on have faeon
due to the difference in spacings between the charaes i the boxa ol

AVrays.,

K Surprisinaly, the surface-tangent, multinle-hexaaonal areas 4
of MB -8 produced a cloud that did not riace uch taster than the o

n Ter arvay of MR I-4 and it did not even attain the sae o asioa el
The MB 1-8 cloud rice may have heen harpered byoan dnver o Tace e

approxicaately 3000 £t (914 m) .




As expected, the MB 1-8, 24-charge array did produce a maximum
cloud diameter which was much greater than those produced by either one
of the smaller arrays of MB I-4 or -6. In addition, all multiple
events did produce much faster cloud rise and greater cloud heights
and diameters than anyone of the single charge detonations. Compare
Fiqure 18 with Fiqure 19.

3.6.2 Cloud Height and Diameter Data from MB |1 Events

The cloud height versus time and cloud diameter versus time for
MB Il Events are presented in Figures 20 and 21 respectively. After a
period of time, the multiple detonation of MB I1-2 produced a much
faster cloud vise and attained a much greater cloud height than the
cloud from the single detonation of MB 11-1. Similar effects are noted

in the cloud diameter. Figure 22 presents a sequence from MB |1-2.
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FIGURE 19 CLOUD SEQUENCE FROM MBI-8, SOUTHWEST ©~AMERA
® 601 FR/S 24-1000 LBS SPHERES, SURFACE TANGENT
ABOVE.
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FIGURE 19 ( CONTINUED)
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FIGURE 22. CLOUD SEQUENCE FROM MBI -2, NORTH CAMERA® !FR/S
6-118 TONS HEC CHARGES.
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FIGURE 22 (CONTINUED)
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FIGURE 22.(CONTINUED]
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SECTION 1V

CONCLUSIONS AND RECOMMENDATIONS

The photographic coverage for the MB | Scries appeared to bhe
more than adequate for the detonation parameters desired. The photo-
graphic coverage of the clouds during MB Il Events was limited by
camera failures and wind conditions,

For 1000-pound, spherical detonations, distances of 9000 ft
(2743 m) from SGZ to the recording 70mm carmeras appears to be adequate
to photograph cloud developrient and rise tor a period of 300 s through
a 100 lens.  An anaular separation of 90 to 120 dearees down wind of
SGZ would appear to be ideal for future coverage. Prevailing wind
direction should be taken into account.

From the photographic results of MB 11 Events, where charges of
120 tons were detonated, it appears that distances of over 25,000 ft
(7620 m) would be ideal for 0-300 s coverage if caera stations wore
located down wind of SGZ and at angles of 90 to 120 degrees.

The MB 11 data nresented on the eoffects of AN/FO particle wize
and fuel-oil percentage indicate that charge compasition has a hearinag
by nhotogranhic and phatoretric

an the explosive-outrat as was veritied

data.
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APPENDIX

el

The Appendix contains the table of contents and tist of illustra-

tions from AFWL-TR-79-149 on the '"Photoqgraphic Documentation of MISERS

BLUFF 1 and 11 Series', Junc 1979. In addition, a fiqure on the plan
view of three cloud camera stations for MISERS BLUFF 1 Events is pre-

sentod.
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SGZ's And Wind Directions For MB | Events
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